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Abstract
Excess fluoride in drinking water can cause fluorosis or brown and yellow
staining of the enamel of teeth. In extreme cases, severe damage to teeth and bone
structure can develop. In 1993, the World Health Organization set a limit of 1.5 ppm as
acceptable for drinking water; however, in Isle of Wight County, Virginia, recent water
quality reports detected levels of fluoride as high as 4 ppm. The purpose of this study
was to investigate several detection and remediation methods of fluoride in drinking
water. Detection methods included an ion selective electrode (ISE), dye-based
colorimetric methods, and an at-home testing kit. ISE is the standard method for fluoride
analysis. Remediation methods included commercially available activated alumina,
charcoal, and water pitcher filters. Water samples were collected from locations using
both wells and municipal water throughout Isle of Wight County, Virginia. Currently,
parts of the county are under an advisory for fluoride levels. The water samples tested
contained fluoride ranging from 1 to 6 ppm. Of the detection methods used, ISE and
colorimetric methods proved to be more accurate than an at-home test kit, which
indicated that all samples contained a fluoride concentration less than 0.50 ppm. The
ultimate goal of this study was to develop a cost-effective method to detect and remove
fluoride from drinking water in rural communities without water treatment facilities.
Educational materials will be developed to help residents in these communities
understand and manage their water quality.
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Introduction & Literature Review
History of fluoride use in municipal water
In the early 1900s, brown stains on the teeth of young Colorado residents caught
the attention of Dr. Frederick McKay, a young dentist. He noticed that in severe cases,
the teeth looked as if they were covered in chocolate. McKay partnered with a colleague,
Dr. Green Vardiman Black, and in 1909 discovered that the mottled enamel was the
result of developmental imperfections in children’s teeth and that children who had not
developed their second set of teeth were at a higher risk. By 1915, Dr. Black had passed
away, but McKay discovered that the condition was related to the drinking water and the
enamel in these teeth was incredibly strong. It wasn’t until 1931 that a chemist in
Michigan working for ALCOA Aluminum company read the findings of Dr. McKay and
connected it to one of his studies that they realized the cause of the mottled enamel was
excessive fluoride in drinking water.1
ALCOA had charged their chief chemist, H. V. Churchill, with refuting claims
that aluminum cookware was poisonous. This prompted him to test his water using
photospectrographic analysis only to find that it was not the aluminum that was causing
negative health effects in residents, but a high concentration of naturally occurring
fluoride ions in the drinking water. He found levels of fluoride ranging from 2 to 13.7
ppm in the drinking water of Colorado.2 These findings sparked an investigation led by
Public Health Service (PHS) scientists that would determine the effects of fluoride on
tooth enamel. They developed methods to measure fluoride levels more accurately in
water and used them to compare fluoride levels in drinking water around the country.
Levels up to 1.0 ppm of fluoride ion in drinking water were determined safe for
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consumption because in most people it did not cause fluorosis but instead had the benefit
of making their tooth enamel unusually resistant to decay.1
After many debates between PHS, the Michigan Department of Health, and other
public health organizations, Grand Rapids, Michigan became the first city in the world to
intentionally fluoridate drinking water in 1945. After 11 years, the caries rate or the rate
of decay and crumbling of teeth among children born after fluoride was added dropped
more than 60 percent. This led to the fluoridation of water in cities across the country. 1
Today, more than 200 million Americans drink water with enough fluoride in it to
prevent tooth decay. That equates to almost 75 percent of the people who drink from
public water supplies.3
The issue that the residents of Colorado and Michigan faced was that there was
too high of a concentration of fluoride in the water, which caused the staining of teeth.
The excess of fluoride that causes yellow or brown stains to form on teeth is called
fluorosis.4 Almost all water contains very small amounts of naturally occurring fluoride
but usually, it is not enough to cause fluorosis. Most counties treat their water for a
variety of contaminants and perform methods of water fluoridation, the process of
adjusting the level of fluoride in water.3 However, there are still many people who
consume untreated water in the United States. Some rural counties do not treat their
water before it is pumped to residents5 and millions of people across the country rely on
private wells for their primary source of water. Private wells are not regulated under the
Federal Safe Drinking Water Act and it is the homeowner’s responsibility to maintain a
private well and monitor water quality.6
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Controversies over fluoride
Water fluoridation has been in and out of the news for decades. During the “Red
Scare” of the late 1940s and ‘50s in the United States, activists believed that fluoridation
was part of a plot to impose a socialist or communist regime. One prominent selfproclaimed antifluoridationist, Dr. Charles Bett, claimed that fluoridation was “better
than using the atomic bomb” because, unlike a bomb, fluoride existed in the water supply
that people consume daily, and a bomb needs to be produced and transported. A claim
from 1987 arose that “repeated infinitesimal amounts of fluoride will in time reduce an
individual’s power to resist domination by slowly poisoning and narcotizing a certain
area of the brain and will thus make him submissive to the will of those who wish to
govern him.” However, all these claims were based on politics and ethics and rarely was
any scientific basis found.7
The controversy over water fluoridation of municipal drinking water supplies
began in earnest in the 1960s, 10 years after the National Fluoridation Program was
launched by the American Public Health Service. Fluoride is not an essential nutrient
and there is no link to disease from fluoride deficiency.7 Only 50% of the daily ingested
fluoride is excreted through the kidneys and the rest is accumulated in the bones, pineal
gland, and other tissues. An initial study in rats showed that fluoride accumulation in the
pineal gland led to an earlier onset of puberty and reduced melatonin production. The
same researcher later showed that high levels of fluoride can also accumulate in the
human pineal gland.8 Fluoride toxicity can lead to renal damage in children. Studies have
shown that children who drank water with fluoride concentrations above 2 ppm were
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found to have increased levels of NAG and y-GT, indicators of kidney damage, and
increased levels of lactic dehydrogenase, a possible indicator of liver damage. 7
A review of over 5,000 water fluoridation studies was conducted in 2007 to
combat many questions that have been posed on the ethics of systematically fluoridated
water sources. The evidence presented in this review showed that intentional water
fluoridation at low levels is beneficial in reducing dental caries and fractures when
compared to no or high levels of fluoride. The study also found no clear association
between water fluoridation and overall cancer incidence or mortality. The study
concluded that fluoridation of drinking water is the most effective and socially equitable
method of achieving community-wide exposure to prevent caries.9 In fact, the Centers
for Disease Control and Prevention claims drinking water fluoridation to be one of the ten
great public health achievements of the 20th century along with vaccination, motorvehicle safety, and recognition of tobacco use as a health hazard.10

Fluoride in Water Sources
Up to 60 percent of the populations of Pakistan, the African continent, Thailand,
China, and Sri Lanka are affected by water sources with high fluoride concentrations. 2 In
1993, the World Health Organization established a fluoride standard for drinking water of
1.5 ppm due to the consumption of high levels of fluoride being linked to dental and
skeletal fluorosis and the occurrence of fluoride contamination becoming prevalent across
the world. These ailments are more detrimental to children because their dental enamel
and skeletal formation are not complete. Concentrations of fluoride between 1.5 and 3.0
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ppm can result in browning and mottling of teeth and further exposure leads to hard
brittle teeth. Fluoride concentrations between 4.0 and 8.0 ppm result in skeletal fluorosis
which can develop into crippling fluorosis if the level exceeds 10 ppm. Additionally,
ingestion of high levels of fluoride can cause urinary tract malfunction, muscle fiber
degeneration, gastrointestinal problems, red blood cell deformities, reduced immunity,
and neurological manifestations.11
Dental fluorosis is not only a cosmetic defect. The psychological impact of
fluorosis on a child has been established by the US National Institute of Mental Health.7
One study measured social judgments on factors beyond the aesthetic to aspects such as
interpreted sociability, reliability, intelligence, and cleanliness. The study found that in
cases of mild fluorosis, judgments were not significantly different from those with a
normal enamel. However, severe fluorosis and untreated caries had a significant negative
impact on social judgments.12
Fluoride is present in all water sources, and natural concentrations can range from
minimally detectable to up to 10 ppm. The fluoride level in surface water varies
depending on reflecting rainwater contact with windblown soils, and groundwater
depends on the minerals in the rock that water passes through.2 Natural sources of
fluoride commonly arise from the dissolution of natural fluoride-bearing minerals like
fluorspar, fluorapatite, amphiboles, hornblende, tremolite, and biotite. For example,
reports from the district of Odisha state in India claim there are 27 out of the 30 districts
in this state that are contaminated by fluoride. It was inferred that the major source of
fluoride in Odisha was weathered rocks.13
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Additionally, fluoride can enter the water system through fertilizers.14 Some
fertilizers contain phosphate rocks which can be comprised of 4% fluorine. In a study by
Luo et al. performed in the Yuncheng Basin of China, it was found that the main source
of fluoride in the groundwater was contamination from pesticides, fertilizers, and
industrial waste discharge. Evaporation also plays a key role in the enrichment of fluoride
through the removal of calcium. Desorption of fluoride from mineral/organic matter
surfaces was enhanced under alkaline conditions and high bicarbonate (HCO 3-) content in
groundwater.11
The motivation for the present work was the water quality reports in my
hometown of Isle of Wight County, Virginia. For many years there has been high levels
of fluoride in the drinking water supplied to residents of the county. The latest water
quality reports were published from 2016-2020; many were published with an advisory
that children should not drink the unfiltered water due to the high concentration of
fluoride.5 This has led many parents, including my own, to pay for water filters and
purified bottled water in an effort to protect their children’s teeth.

Present Work
While attending elementary school in Isle of Wight County, Virginia, I noticed
that some of my classmates had brown stains on their teeth. My parents always told me it
was because of the well water that they drank but that since we used a water filter, my
teeth would not be stained. I also noticed that when I changed schools and was living in
a different county, my classmates did not have the same stains on their teeth. It was not
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until my junior year at Longwood University while researching water properties that I
learned that fluoride was the cause of the stained teeth and the reason why my classmates
in other school districts did not have stained teeth was because their drinking water was
from a different source and had been treated. That is when I decided that I wanted to
dedicate my senior year to finding a solution to this problem.
One of the most common methods of detection for fluoride in water uses an ionselective electrode (ISE). Ion-selective electrodes have a thin membrane that is only
capable of binding to the intended ion. The voltage, or electric potential difference, is
measured by two reference electrodes. If the concentration of the ion in the analyte
solution changes, the measured voltage between the two reference electrodes will change
as well. The fluoride ion-selective electrode must be calibrated by measuring fluoride
standards and creating a calibration curve to determine the relationship between
measured potential and fluoride ion concentration. A buffer must be used to maintain a
pH range of 5-9 so that the ion strength of the solution will not change.15 Ion-selective
electrodes are widely applicable because they are easy to use, selective, and provide a
wide dynamic range. However, ISE can have long equilibration times, electrode drift,
and dissolution of the lanthanum fluoride membrane crystal.16
The use of a cyanine dye as a detection method for fluoride in aqueous solution
has been proven effective in a 1954 study. The cyanine dye was added to a solution
containing zirconyl chloride octahydrate and hydrochloric acid to create the colorimetric
indicator which could then be analyzed using a spectrometer. Using these methods, the
technique can give results with an accuracy within 0.02 ppm in the fluoride concentration
range of 0.00 to 1.40 ppm. The study concluded that the method was relatively tolerant
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to interfering ions making it a suitable substitute for spectrophometric methods that
require special devices for handling interfering ions.17
The use of a silanated cyanine dye as a detection method for fluoride in aqueous
solution was demonstrated in a 2005 study. The study’s authors concluded that the
method had high sensitivity and specificity. When the silanated dye is mixed with
fluoride ions, a chemical reaction occurs in which the fluoride attacks the silicon-oxygen
bond, forcing the silicon off the structure. This chemical reaction can be detected using
absorption spectroscopy. The silanated and non-silanated dyes absorb at different
wavelengths. As the reaction occurs, a peak at 600 nm arises which correlates to the
concentration of the non-silanated dye and thus the concentration of fluoride ions in the
solution.16
For water supplies that are found to have levels of fluoride that are too high,
removal of the excess fluoride is an important step in water treatment. A second part of
this project was the investigation of simple fluoride remediation techniques. Reverse
osmosis is one of the common methods of removal of fluoride and can be used as a
standard method to compare with cheaper alternatives such as alumina and Brita filters.
Reverse osmosis (RO) is the consequence of high pressure forced upon the side of a
solution with a high concentration of fluoride ion that has been separated by a
semipermeable membrane. This process removes soluble and particulate matter and has
proven to be 90 percent effective at removing fluoride from water.18
The aim of this work was to investigate cost-effective detection and remediation
methods for fluoride in drinking water. The standard method of detection includes a
fluoride ion-selective electrode which consists of a probe that was purchased for $375
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and an electrode/pH meter which can be found in most labs but costs anywhere from
$150-$1,500. Low-cost at-home test strips were tested in addition to dyes such as
cyanine dye, turmeric, and curcumin. Removal of fluoride from water can be expensive
for community water systems and for private wells. Reverse osmosis and water
distillation are effective methods but can be difficult to obtain in low-income areas.2
Carbon, alumina, and multiple water pitcher filters have been investigated as remediation
techniques.

Experimental
Fluoride Analysis using ISE
Sodium Fluoride Stock Solution. A 100 ppm stock solution of sodium fluoride was
prepared by adding approximately 0.221 g of NaF to a one-liter volumetric flask. The
volumetric flask was then filled to the mark with deionized water.
Buffer Solution. A Total Ionic Strength Adjustment Buffer (TISAB) solution was
prepared by adding 57 mL of glacial acetic acid, 58 grams of NaCl, and 0.30 grams of
sodium citrate to approximately 500 mL of deionized water. The solution was then
titrated to a pH of 5.0-5.5 using 5 M NaOH. The solution was then cooled and diluted
with deionized water to make 1 liter.19
Ion Selective Electrode Methods. An Oakton Fluoride Ion Selective Electrode (ColeParmer, Vernon Hills, IL) was used to measure the concentration of fluoride in various
water samples. Filling solution for the electrode was 4 M saturated potassium chloride.
To prevent electrode drift and slow response, the membrane surface of the fluoride
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electrode was lightly scrubbed with a toothbrush and toothpaste containing fluoride prior
to each use. The membrane was then rinsed with deionized water and then left to soak in
deionized water for five minutes before any measurements were taken to ensure proper
performance. The electrode was emptied of filling solution and stored dry in between
uses.
To standardize the electrode, fluoride standards were prepared at concentrations
ranging from 100 ppm to 0.001 ppm by diluting the fluoride stock solution. TISAB (1
mL) was added to 10 mL of each standard and was stirred at a constant stirring rate with
a magnetic stir bar. The ion-selective electrode was inserted into the solution and
allowed to stabilize for 3 minutes before reading the voltage. Water samples were
analyzed in the same manner, with 1 mL of TISAB buffer added to 10 mL of the water
sample.
Water Collection. Water samples were collected from various locations in Isle of Wight
County, Virginia. Samples were collected from unfiltered water faucets into clean,
plastic bottles. The water was allowed to run for one minute from the cold tap water
before the samples were collected.
At-home test strips. A Baldwin Meadows 14-in-1 drinking water test kit was purchased
from a retail location. The test strips were inserted into each sample for approximately
20 seconds and compared to the color chart included in the kit to determine the
concentration of fluoride in each water sample.
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Cyanine Dye Method
Cyanine Dye Stock Solution. Approximately 1.8 grams of Eriochrome Cyanine R
(Honeywell Fluka) was added to a one-liter volumetric flask and diluted with deionized
water to create a stock solution.
Cyanine Dye Methods. Reagent A was prepared by diluting 10 mL of the stock solution
of cyanine dye R to 50 mL with 1 M HCl. Reagent B was prepared 0.00161 M solutions
of zirconyl chloride octahydrate (Thermo Scientific) prepared in 1 M HCl. To a beaker,
1 mL of reagent A, 1 mL of reagent B, and 10 mL of a fluoride standard or an unknown
water sample were added. This solution was added to a plastic cuvette and the absorbance
was measured using a Vernier Go Direct SpectroVis Plus Spectrophotometer (Vernier,
Beaverton, OR). The spectrophotometer was blanked using deionized water before
running the cyanine dye solutions.
Zirconyl Titration. A solution of 8.22 × 10−4 M Zr4+ was prepared using ZrOCl2 • 8H2O
and 1 M HCl. The solution was titrated into a 0.005 M F- solution to investigate the
reaction occurring in the cyanine dye method between reagent B and fluoride.

Other Colorimetric Methods
Turmeric. A 1% turmeric (Happy Belly) solution was prepared using 1 M HCl. The
solution was buffered using the previously prepared TISAB buffer.
Curcumin. A curcumin solution was prepared using 1M HCl. To a beaker, 1 mL of the
curcumin solution, 1 mL of the DMSO solution, and a 100 mL of a fluoride standard
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were added. This solution was added to a plastic cuvette and the absorbance was
measured using a Vernier Go Direct SpectroVis Plus Spectrophotometer. The
spectrophotometer was blanked using deionized water before running the cyanine dye
solutions. This was repeated with various standards containing different fluoride
concentrations to create a calibration curve.
3,3’-dietheylthiacarbocyanine. A 1% dye solution was prepared using 1 M HCl. To a
beaker, 1 mL of the dye solution, 1 mL of DMSO, and 100 mL of a fluoride standard
were added. This solution was analyzed using the same methods as curcumin.
Zirconyl SPADNS reagent. To a small beaker, 1 mL of the zirconyl SPADNS reagent
(Spectrum Chemical) and 5 mL of the fluoride standard were added 20. The solution was
analyzed using the same methods as the cyanine dye.

Fluoride Remediation Methods
Water Pitcher Filters. Several brands of water filters were purchased including Brita,
Amazon Basics, Clear Genius, and a generic water filter brand. A new water filter was
rinsed with a water sample prepared to contain 5 ppm fluoride and then placed in the
water filter pitcher. Approximately 500 mL of the water sample was then filtered
through the pitcher and dumped to ensure the filter was thoroughly wetted and particulate
matter was removed. Then, 100 mL of the water sample was filtered through the pitcher
and the concentration of fluoride remaining was measured using ISE. The excess water
was discarded. Two more aliquots of stock solution were filtered and fluoride content
measured in the same manner. This procedure was repeated for each brand of filter.
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Alumina powder. Activated alumina powder was placed into a reusable water filter lined
with a coffee filter. The powder was soaked with a water sample prepared to contain 5
ppm fluoride and rinsed thoroughly, until the water that passed through it was no longer
cloudy. Approximately 200 mL of the water sample was poured through the filter and
the fluoride content of the filtered standard was measured with an ion-selective electrode.
This was repeated five additional times.
Charcoal powder. Activated charcoal (USA Lab, Livonia, Missouri) was placed into a
reusable water filter lined with a coffee filter. Approximately 500 mL of a 10 ppm
fluoride standard was poured through the filter. Any remaining charcoal powder was
removed from the liquid using a Buchner funnel. The filtered water was then measured
with an ion-selective electrode to determine the remaining content of fluoride.

Results & Discussion
Validation of ion-selective electrode performance
The ion-selective electrode was used as a standard method of fluoride detection to
compare the results of novel methods. Figures 1 and 2 demonstrate the ISE response to
fluoride concentration across a wide range of concentrations. The ion-selective electrode
was calibrated with fluoride standards ranging from 100 to 0.001 ppm, seen in figure 1.
Figure 2 shows only the ideal concentration range as it has a more linear slope than the
slope seen in figure 1. The fluoride concentrations measured in figure 1 reach the limits
of detection, thus the points on the outer bounds fall farther from the linear trend. To
stabilize the ISE, a buffer solution was added to each fluoride standard and water sample.
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Figure 3 shows there is no difference between using a purchased CDTA buffer and the
TISAB buffer prepared in this lab.

Figure 1. Validation of the ion selective electrode included determination of the linear
range and lower limit of detection. This curve shows the calibration data in a
concentration range of 0.001 - 100 ppm.
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Figure 2. A linear response of the ion selective electrode in the targeted range of 0.01 - 8
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Figure 3. Differences in the purchased CDTA buffer and the buffer prepared in this lab.
Fluoride was calculated in ppm.

Cyanine dye method
A SpectroVis spectrometer was used to prepare a calibration curve, seen in figure
4, using fluoride standards ranging from 5.5 to 0.1 ppm and the dye. In figure 5, the
absorbance spectra from the Eriochrome cyanine R shows that as the concentration of
fluoride increases, the absorbance at 527 nm decreases. This can also be seen in figure 6
as there is a color change from pink to orange as the concentration of fluoride increases.
Methods from a 1954 study were adapted in order to shift the color change from pink to
orange at the ideal fluoride concentration. The results of the study included a color
change at 1.5 ppm. To coordinate this method with the EPA primary regulation of a
maximum presence of fluoride in drinking water at 4 ppm, the methods were adjusted to
include a color change at 4 ppm of fluoride in the solution by increasing the
concentration of zirconyl chloride used in the 1954 study.
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Figure 4. The linear response of the Eriochrome cyanine R dye absorbance as a function
of [F-] in the concentration range of 0.1 - 5.5 ppm.

Figure 5. Shows how the spectrum of the cyanine dye changes in the presence of fluoride.
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Figure 6. Shows that the method can be adapted to a colorimetric comparison for a
concentration of fluoride about 4 ppm.

To determine the stoichiometry of the interaction between zirconyl chloride and
fluoride, a titration of zirconyl chloride was performed using a fluoride standard of 10
ppm. Figure 7 shows this titration only has one equivalence point because the voltage
begins to level off. The first derivative shows the endpoint is at 3.75 mL of ZrO2+ added.
The presence of only one equivalence point at equimolar amounts indicates that the
reaction is at a 1:1 ratio. Figure 8 shows the scheme for the cyanine dye reaction. As the
dye complexes with zirconyl chloride, the solution is pink. With an increase of fluoride
in the solution, the reaction becomes less pink as the fluoride removes the zirconyl from
the dye. The solution turns yellow when there is no zirconyl left to complex with the
dye.
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Figure 8. Cyanine dye reaction.
Other colorimetric methods
The cyanine dye methods were tested with several other dyes including turmeric,
curcumin, 3,3’-dietheylthiacarbocyanine, and zirconyl SPADNS reagent. The structures
of the different dyes used can be found in appendix A. Curcumin is a compound found
within turmeric which gives it a bright yellow appearance, both of which are easily
accessible to the public for consumption. The spectra from the turmeric in figure 9 shows
a rounded peak and no shift in congruence with various fluoride concentrations. When
curcumin was used as a dye, higher concentrations of fluoride resulted in a lower
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absorbance. The largest peak represents no fluoride in figure 10, showing that it absorbs
at a different lambda max than the solutions with fluoride in them. A study from 2010
showed that when curcumin is used as a dye in a fluoride solution, the solution would
change color from yellow to purple.21 For both the turmeric and curcumin methods, there
was no color change, as the literature predicted, and the solution remained yellow.
Figure 11 shows 3,3’-dietheylthiacarbocyanine as a colorimetric approach in which it is
proven ineffective because there are no clear trends in the spectra. The zirconyl
SPADNS reagent was tested as a simpler alternative to the cyanine dye method, as it
contains reagent A and B used in the cyanine dye method. The absorbance spectra for
the zirconyl SPADNS reagent is shown in figure 12. It had several peaks but there was
no trend when measuring the absorbance of solutions with various fluoride
concentrations at the lambda max.
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Figure 9. Turmeric dye as a colorimetric approach to fluoride concentration.
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Figure 10. An absorbance spectrum for Curcumin as a colorimetric approach in the
quantification of fluoride in a solution.
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Figure 11. 3,3’-dietheylthiacarbocyanine as a colorimetric method to determine the
concentration of fluoride in water samples.
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Figure 12. An absorbance spectrum for Zirconyl SPADNS reagent as a colorimetric
approach in the quantification of fluoride in a solution.
Water analysis
Five water samples were collected across Isle of Wight County from a well,
public municipal source, or private municipal water source as shown in figure 13. The
water samples were tested using an ion-selective electrode, the cyanine dye method, and
at-home test strips. Table 1 shows the ISE and cyanine dye methods were in agreement,
which indicates that the cyanine dye is a viable method for fluoride analysis in the range
up to 5 ppm. However, the test strips were inaccurate in the fact that all the test strips
showed there was <0.50 ppm of fluoride in any of the samples which is show in figure
14. The test strips indicate that the water contains little to no fluoride and would lead the
user to believe that fluoride removal is unnecessary when their water actually contains
levels of fluoride over the acceptable limit.
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Figure 13. Water sample collection map. The locations in yellow are private wells, the
locations in green are public municipal water sources, and the red marker signifies a
private municipal source.
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Table 1. A comparison of measured fluoride concentrations in water samples collected in
Isle of Wight County, Virginia
Sample

ISE: [F-], ppm

Cyanine Dye
Method: [F-], ppm

Test Strips:
[F-], ppm

1

5.8 ± 0.4

5.7

< 0.50

2

3.2 ± 0.3

4.1

< 0.50

3

3.9 ± 0.2

4.1

< 0.50

4

1.2 ± 0.1

2.6

< 0.50

5

3.8 ± 0.2

3.9

< 0.50

Figure 14. At-home water test strips. A) shows the results from each water sample. B)
shows the legend.
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Remediation
Four water pitcher filters were purchased and the percent of fluoride removed
after one pass was determined using ISE. Of the commercially available water filters, the
Amazon Basics brand was the most effective at removing fluoride, as seen in table 2 and
figure 15. The alumina was found to remove the highest percent of fluoride at an 81%
removal rate. Carbon proved to be the least effective method of fluoride removal as it
only removed 14% of fluoride.

Table 2. Average fluoride removed using various water pitcher filters.

Water Filter

Average Percent of Fluoride
Removed

Alumina

81±3.3

Charcoal

14

Amazon Basics

48±7.0

Brita

27±12

Clear Genius

27±17

Generic Brand

38±5.5

Percent of F- Removed
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Figure 15. Percent of fluoride removed from a 5 ppm fluoride standard* using various
water filters. *The filter using solely charcoal was performed once using a 10 ppm
fluoride standard.

Conclusion
High fluoridation in drinking water is a problem in Isle of Wight County,
Virginia. Water samples collected from locations across the county and from both
private wells and municipal sources contained fluoride in the range of 1 to 6 ppm. While
the ion selective electrode is the standard method of fluoride detection in water, cyanine
dye can be used as a cheaper alternative. The at-home test kit used in this work proved to
be inaccurate and should not be used in fluoride detection. Future work should
incorporate a wider selection of at-home test kits to determine the validity of these kits in
fluoride detection.
The Amazon Basics water filter was the most effective fluoride water pitcher
filter as it removed 48±7.0% of the fluoride in the sample, while the Brita and Clear
Genius filters were the least effective filters analyzed, removing 27±12 and 27±17 ppm
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of fluoride, respectively. The alumina powder was highly effective as a remediation
technique removing 80% of fluoride from the standard. Charcoal was the least effective
removal technique, removing 14% of fluoride. Additionally, in future work, the filtered
water should be run through the water filters multiple times to determine if the filter
removes the same percentage of fluoride each time.
As the final stage of this project, educational materials were prepared to be
distributed to members of the community and can be seen in appendix B. A trifold will
be available to residents of Isle of Wight County, VA in public places such as public
libraries, town halls, and the Virginia Cooperative Extension (VCE) office in the district.
The VCE offers water testing once a year in the county and serves as a local resource for
many water quality related issues. A blog has also been posted which contains a
background on fluoride, resources to test water for fluoride in the county, and how to
remove fluoride from drinking water. It also includes the cyanine dye methods and how
to set it up in a high school chemistry classroom. The web address for the blog is
included in the pamphlet and will be circulated through the town using social media.
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Appendices
Appendix A. Chemical structures of dyes used in colorimetric approaches

Eriochrome Cyanine Dye R

Curcumin
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3,3’-dietheylthiacarbocyanine

SPADNS Reagent
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Appendix B. Educational Materials

BAC KG RO UN D H O W DO
I KN O W ?
The World Health
Organization set an
acceptable limit of
fluoride in drinking water
at 1.5 ppm.

Why is there fluoride in
my water?
Fluoride occurs naturally in water
through mineral deposits and
fertilizer runoff.

At-home test kits do not
accurately detect fluoride.
You should get your water
tested professionally.
Contact VCE for water testing
at

WHAT DO I DO
ABOUT IT?
Brita filters and
charcoal are not
effective in the
removal of fluoride.

https://www.wellwater.bse.vt.edu/clinics.php

Virginia Health Department
testing
https://www.vdh.virginia.gov/environmentalhealth/onsite-sewage-water-servicesupdated/organizations/private-well-waterinformation/guidance-on-testing-yourprivate-well-water/

If you are interested in setting
up your own lab, contact us

Activated alumina is
an inexpensive option
for fluoride removal.

https://blogs.longwood.edu/fluoride/

Informational brochure to educate the public on the background of fluoride and resources
to detect and remediate fluoride in their drinking water.
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Informative website page to be used as a resource for people who have or suspect they
have fluoride in their drinking water. (www.blogs.longwood.edu/fluoride)

